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mm%i mmm 

m&mi] iu-7**>< hift^e>«!5*i mfammmmt. mi 

ftt»&#T fc » ^ t , «fff h«i 2 a #«8?fi Jg »c & w § -e * 5 >r 

^-;i/iCj;^>fe#(Z)e)t>(^^-;i/tcj:§^(DfJ-^^Bafami 

Lp/ (tpoXap) > Lc/ (tcoXac) 

*e * S 3 & 4f « 1 1 s l ffi«© H^«fl¥«M»«Mo 
[Sf#E3] f(5lH{*m»S»©ift3R>f*>«^5S:tpo, 
i2IftSffRSCD^#SS:ac, JlJ?£Lc, gag-* tf^HSSS: t co, 

(tco — tpo)-E0 > J- L c/ t co- a c 
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Lp/ (tpoXap) > La/ (taoXaa) 

[ft #3(6] m i H#«»s*©ift3R>r a- >mm & t po, 

^SHiftmjKMO^^S&aa, JUS £ La, K3R>f t ao, 

(tao — tpo)-E0 > J- La / tao-aa 

m3MfomMftm<Dmm-<(*ymmz tao, ^s&aa, Mff^La^-rs 

hp/ (tpoXap) > Lc/ (tcoXoc) +La/ (taoXaa) 
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T? & * £ £ s: £ -t & » 7 mm(D mfamMwmmmmm, 

^3@^*«¥«JSfiD^#|SS:aa, jfJ?£La, ®gfSt>f * >fg^ £ t ao, 
fulfill 2 & «fc 3 ®^«^MM©^-f :t >$PP t cojfe J: t ao© e> *>ffl<Z) 
/h£ t cao, 

( t cao — t po) • E 0 > J- (Lc/tco- ac + L a/ t ao- a a) 

[tff^^s io] mi m^mmmmmm^: 

La 2-x-y Ln x A y Ga l-z B z°3-0. 5 (x + y + z) 
T^£*l£ L a G a^D^i)^ Mffc^(^^T% Ln:Y, Yb, Gd 

, Sm, N d3^6>&S7t;lll^e>aiiiXfciaJK±. A:Sr, Ba, Cafr^fc 

57CJR**e>3Htf*lfc 1»JK±, B: Mg, Z nA^^S5cl^f)IStlfc 11% 

L < l± 2 SL x:0. 05~0. 15. y:0. 05 — 0. 15, z : 0 . 05 

~0. 2 5)-e&£^h S:#«^t6|f^ 1 &VnL 9 <Z>V*1**l;frK:I3«©H# 

1] ^2 iMif I ^Sft^;^-7* fciit 'J TMft 
*-e*>S^i:S:#ai:"rsnf#^l, 2, 3, 7, 8, 9 «fctf 1 OtfHxftifr 

[o o o l ] 

mnmm (j^t, sofo icbb-**%©-i?&£. 

[0 0 0 2] 
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^*©@#a»as«R»m«s csofo (Dimumi*. £j:^iooo°ch 

[0 0 0 3] 

5Bc¥, «#3tlfeffl^L a 1 _ x Sr x Ga 1 _ y M g y O 3 _ d "C^S tl 
5La Ga^n^^ NMft^*@#«»St (T. Ishiraraf; J 
. Am. Chem. Soc. , 1 16, 3801-3803 (1 9 9 4) ^) ft 

, {&UV(DMmj*yfcmmz.mtiz&v. soFC©<£ffiflu»fttc^»r&m# 

gg^9 - 1 6 1 8 2 4#^#T-Ji. L a G a *«jB«lC»L fcjSRJPMi, 

IrbV^LaGaM^IMilLt, jffiJfoSL a 2 _ x _ y L n x 

A y Ga l-z B z°3-0. 5 (x + y + z) L n Y , Yb, G 

d, Sm, Nd, AliSr, Ba, Ca, BteMg, Z n, X:0. 0 5 — 0. 
15, y : 0. 0 5~0. 15, z: 0. 05~0. 1 Bj^SllS^n^ 

[0 0 0 4] 

— £na-G-a-^n^-;*^^ 

> mwm j Mm4*y (o 2 ~> ©#fc&-r, (h 

0 2 +2V 0 +2e" » 20 ox +2h + ••• (f-1) 



4 



aj|E#2 001-30659 2 2 



#2001-184558 



°OX + H 2 H 2 0 + V 0 +2e ~ * * " ( f-2a > 

H 2 0 + V Q +2e"+2h + « H 2 0 + V Q ••• ( f - 2 b) 

Kr oge r-Vi nk0^iE^SCJ;S o 
[0 0 0 5] 

^ (f-i) tc^i^jc, #?Ltt©S5C«t@#«#Ki:©ISI^tt, £31 ( 
o 2 ) »«T'3S£L£1I^ (e~) WftB®&Zfn> 

T«*S£*i3 0 gft£l±« H#«*H©SI3RS7L (V Q ) .lCJR*y, 0 0X £&U 
RWc*-;b (h + ) 0 ox tt, K3R>T^> (O 2- ) 

^ffifld^Ki-s. 3£>Mt>f*-> (o 2 ~) ©#»tc#vv i?^7L (v Q ) 

£^M![-e#§£Lfc*-;b (h + ) fcH#«#«&^UT«5»«flHc&#& 
[0 0 0 6] 

&iLm<DmwM£m<bmMMzi<Dmr*it. & (f-2a) tc^TJ:e>tc 
(o 2 ~) , bp^o ox *««#&s*i, # (h 2 o tt^iz. mmQJi (v 

Q ) (e ~) & 

[0 0 0 7] 

~cr^i7r^nrf~2nFro^^^ 

> £»«iWT?l&£kfc*--;i/ (h + ) %Hf*:«**CS:^UT«S»ffiffi!lK:^» , rs 

fc*b, »MIWT*#)!£L£11^ (e~) £©3fc-;i/ (h + ) toont'^i 
fcjgr. ITLii £©JgJH, *^ (e~) S:^gPiaJ^^^Uffi-t3i:^T^-r 
, S O FC©ffi^?»li<£Tt--g>o 
[0 0 0 8] 
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(OCV) jbMSTU -eo^ffiA^fiT-rs. 

[0 0 0 9] 

TOOiMtff (OCV) EmOtt, |fti&>f 1 0 0%©TOW 

OCVSrEOttSil, 

Em0=tmo~-E0 • • • (f — 3) 
fc^Stl-S. «^«ttH*«)»S©iftlR>r t mo~< 1 0 0%T'& 

EmO < E0£&£ o 
[0 0 10] 

Em(J) =EmO — J • Rmo - • • • (f-4) 

R mo = Lm/ t mo -am 

& (f-4) li, 

Em(J) =tmo~-E0 - J • L m/ t mo - • a m • • • (f-5) 

3©^; (f-5) ^*>., wMmm<DfttiizmftmMM<DMm-(*ymm 

ronjiTT] - 

^l$$:SS(#t53 ££|E|6*IhLTV'k-g>o 
[0 0 12] 
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it £ s^cffi £ © tc^« * h 2 jg & m -t z mftmMnmmMmmx* 

[0013] 

*l§i0il©iMiI»ilt!l (SOFC) tCfeWS^Jl^JKilLTtt 
hp/ (tpoXap) > Lc/ (tcoxac) (Dm&Zmfe~? Z. £. ifiMt h < , 1^ 

v<&mmM£Lx. %nmfomMnm<Dmmj*ymmztpo, ^2@Mi 

a c, JffffcLc, &iR>f t co, TOSMAOtf ft 

SKSfSSrJ, *m*^©3I»iBm:fc£E0fc*£fc#, (tco -tpo)-E0 > J- 

lc/ t co- ocam&zmfc'tz.z.ifimt. l-v*.' 

[0014] 
[0015] 

fit, #&w©f&2e&@#mjgRM«K**Si6 (sofo iz&vz&mmm 
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L P . #3 @#m#R»©&iR-f tao, ±temm*oz, mmzhat. 

Lp/ (tpoxap) > La/ (taoXaa) (DM%*mt=.-t £ #31 

3mfamM9tm<D±fcMm$:o&, Jiff £ La, i?i!l-f;f>$&^&tao, 

EO > J- La / tao- aa©W&&ffifc-*c:£#M*L.V^ 
[0 0 16] 

£<blc, *l§^©^3©0#:«^K§?ra*M (SOFC) tt, ^n^X^7-f 

hs^<&^e>*«^i H*m*SMii, mi m^nmm.moy-i5(Dmm\zWLn 

[0 0 1 7] 

fit, *^^0i3 (SOFC) iCfctfS^ig^jK 

L P , «2@#Sj»K»©SllR>f*>II^S:tco f ^iltac, JfJ?£Lc,|| 
, Lp/ (tpoxap) > Lc/ (tcoXac) + La/ (taoXaa) (E>gtf$|£$i 

co, m3m&mMm:m<D±temmitcja, mmzL^ mm^^ymm^ tao, 15 
SB® 2 £ <fc #® 3 mtbmMnmommj *>mm t co£ £ t a 0 © e> -zmo'h 3 
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(t cao - t po)- EO > J- (Lc/tco - ac + La/tao-aa) 
[0 0 18] 

:La 2-x-y Ln x A y Ga l-z B z°3-0 5 
(x + y + z) (""^ Ln:Y, Yb, Gd, S m, N d #e>fc*7cHS;fre> 
atf*lfcli«±, A:Sr, Ba, C a # £>fc*7CiRfr 1 £fi*_fc, 

B:Mg, Zn^e>**7C3R^e>atfnfcl» : bU<t±2S, x:0. 0 5 — 0 
. 15, y : 0. 05~0. 15. z:0. 05~0. 2 5)t^Sft5LaG 

[0019] 

Htt««?fiJi h #«us ztitcmm mftmMut zm^t-z. 

[0 0 2 0] 

Ifffi{»SSOFCIt 01 (a) {C^-Ti-itC, «l@#mjKM7f»S 
[0 0 2 1 ] 

3^1% mi ©^*^SJf2 fcLTtt, LaGa^D^A'fhSM, 
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#c i&uiz&^Tm^mm-i *y<Dmm'&zm-tffif&?%L a 2 _ x _ y Ln x 

AyGa l-z B z°3-0. 5 (x + y + z) ( ( L a 2 - x - y L n x A y 
) (Ga 1 . z B z )O 3 . 0i5(x + y + z) ) *«^**^##*LV* 

□ IITf, L ntt^>* J A K&©7C3(fe&5 Y b, Gd, S m, Nd, 

XttY«t*^3gtfnfe iaJK±©7nHI, AliSr, Ba, C a $E#e>3Hi4xfc 1 

£##£LV^ xliO. 0 5J£Ai:0. 1 yttO. 05^±0. 1 

5J^T, z&o. 0 5«±o. 2 sj^Tfc-rs^iuW* 

[0 0 2 2] 

m 2 Ji 5i:bttt, ft V JV n - 7 * -fe U 7;ft$tf t% 

M/Ltf, ^;i/3-T (Zr0 2 ) lC>fyhV7 (Y 2 0 3 ) £g$#D 

btYsz, s?,«/3-rjc*;i/S/r (cao) &»anbfcc sz &JBv*5£i:# 
■esa. rtcsm (ifv'j^^) , sc ua>*?9A) ^ 

iC^iD$tl-5i?'f[:%l±2aJ^±T' : fo J:V^ 0 tUTMItililbttt, 

« (Ce0 2 ) 1 _ x (MO 1 5 ) x T^^tl-g> S DC Sr/gV** £ fcfcT?#<6 

. fcfc, 33T% Mtt, %i±M7T;mXiZC aT?&*J, x ti, 0. UUO. 3 J£H 

[0 0 2 3] 

Mx-lij^j 6 o o°c^ATii'^'&zii:^M* bv\ 0 
[-tro-2-4-] : 

33 V*T, & 2 @ft*fl?«Ji 5 % 1 @#SB?flJi 2 lcjfc« L 

#R»H , T?*fi£-r.5*--;i' (h + ) o#s&ttm2Hfrm»eM5jcj:yffliflig34i 

3, lot, Si (b) ic^i^lc, SiSH#««lK^#©iB^e#tttt«rffiI 
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rosem, s(f-2b) T*m?£?&. mMmmvm*£Lt=.m* (e~ 

) (h + ) £<DmT*(DttffiffiZm±L. Z. j:5 SOFCCffi 

[0 0 2 5] 

. lft^>f>r>ei»4©<BTtt, SOFC©M$5:{ST$t§. tot, 02 
{M^&£U<Z>^fl^;r>te#C^£&m£R c (o)^^^,^^, ?£*t(F 1 

- 1) &i*fc'*££#ii*Lv*. 

R p (o) > R c (o) • • • ( F 1 - 1 ) 
Rp(oK Rc(o)(iftif«T'i^S„ 
R p (o) = Lp/tpo- ap 
R c (o) = Lc/tco- ac 
33T% L P : m 1 0#«8?WJi<Z>/iff 

a p : m 1 @#«fc¥fCJI<0£te#S 

L c : m 2 @#«B?f?Ji ©Mi? 

fi£oT> (Fl-1) (Fl-2) {C*£$x.<b*l-5o 

Lp/tco- ap > Lc/tco-ac • • • (Fl-2) 
[0 0 2 6] 

$?>iC, Hl@^*^SJl©^$:MVNfc^(Z)S O FClCfctfcU <fcummc 

hjasw &±tf <& &«> izits m i H#««p«ji 2 1 3 ^ ©if.® izm 2 ®# 
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ep(j) : &ffinmmmj<Dm<D&iwi*nM'Rm<?>&<D&'&<Dmmmni£ 

Ec(j) : ^«SKSBSJ©IR©«2H»afl¥KSS:«iALfcli^comflilSf 

EO : 

^-rsh. E P (j), Ec(j)tt, & (f-5) iu, 

Ep(J) = t po- E 0- J • Lp/ t po- ap • • • (Fl-3) 
Ec( J) = t co- E0- 

J'(Lp/tpo- ap+Lc/tco- ac) • • • (Fl— 4) 
Ec(J)>E P (J) t&ZiZlt, 
t co- EO- t po- EO >J-(Lp/tpo-ap+Lc/tco-ac) 

— J • Lp/ t po- a p 

( t co -t po)- EO > J • Lc/ t co- ac 

Lc < t co- ac- ( t co - 1 po) • EO/ J • • • (Fl— 5) 

[0 0 2 7] 

^ (Fl-5) J:»J, #At*^2H#«»5tJg5©SJ?tt, fl 1 ®tt*fl?fC 
JS2<DJSJ?fcflc#i£1\ UT 5 „ J ©it • 

^frjwTt?fflv^#^ti, ^ (fi-5) iz&nzg.ffimm.mmjitJtoaxUT 

[0 0 2 8] 

SOFC5: 6 0 0 IClCfc^T^ 1 A/cm 2 MtSi: 
LfeS-^rlC, fgl @#m«?fCJi2 i: LT, JfJ?5 Am©L a Q< 75 Nd 0 _ l 
5 Sr 0 _ 1 Ga Q ^ 8 Mg 0i 2 ° 3 — d ^^ v ^ & 2 5 £ bt 
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, Y S Z £ffl^3£:1-3&fb&£, 6 0 0 "ClCfctfSH 1 ©ftSfl¥flJi 2 (D±fcm 
mtfMO. 018S/cm, ii^*>i«9 1%tJ,'J, f 2@ft«it 
I5O^i»0. 0 0 3 S/ cm, 0 0%tSS^ 

[0 0 2 9] 

#CtC, _Li£L£^ 1 ©HJ6jgfl8JC«* S O F C(DWk^mz-D^TWm-tZ> B 

U SKfilL/fetfe, ^MfCAtlT^lx^b, ^1 3 0 0TC~|jl 5 0 0'CT«t 
6. l2Ift«»Rl5T*5YSZtt, RF^A>y^ C V D^epJ8!M£^0>& 

2©#mj§$srJS5_t®&c. #?LIt, WMi:iitt&ft5^i3^RF 

EP«i^©*esT?^-r5. m2@^««?Kji5^^$ti^^ 

£ JB V > -5 Z. £. V # £ „ 
[0 0 3 0] 

[0 0 3 1 ] 

^raic «^#(Z)#m (») fewnb> (h + ) ^^cDfu-a- mm) 
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jgfflucffifc* s o Fes, ^d^*^ bmm{*nmn.M}m¥]s&Tf-7u by 

[0 0 3 2] 

02 (a) iC, ^^©^©HJ&gffitC&SSOFC&a*^. ^HUc^t* J: 
rate, £itf:/n h>©|ppaM^ <, Mt-f *>»^©Wv^3 

[0 0 3 3] 

3-7 (Zr0 2 ) lC>fyhUT (Y 2 O s ) ^ttlfeYSZ^, ^;^=r-T 
\Zj])li/T (CaO) S«auLfeCSZS:ffl^5iil^§5. d<Z>«*\ 
3 - TIC Sm (fv'J'JA) , Sc A) , ^<£>M«»IL££ 

^t^;i/=2-7£M^£i fcfc, S?;i/:3rL7C»fln3 4x£Bfc'ft*&te 

2ia±t^ott)J:^ 0 -feU 7^ttt/hLT&, MxJ£ (Ce0 2 ) 

1-x (M0 1> 5 ) x *C^S*l£ S DC*m^€>Z.£%X*ZZ> 0 i^T" 
, Mtt, #&±3SjC*XttCaT?»»;, xli. 0. lg±0. 3 J^T £ Zl £ # 

Uircr^ — 

[0 0 3 4] 

S O F C OfcmUmiZ> SOFC <£>M *2*m tlt^^ £#Jffi T? S £ «fc 

«fl¥SCJi 6 (i, m®#m#K»2icit«&U «^-©IMB£ f> yammtf'b 
* (e~) ©#i&fe<fctJfjSIS|sFfii4K:««&$tiS*ig>f*> (h + ) <D&mt>\ m 

3@#«#«»6lC<fc*J|lp1WS*l<&. 0 2 (b) ICaVTi^lC, &Jg 
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[0 0 3 5] 

t§3 6 ©jgj?«, & < t 1 I'^tMSI 2 Jt« L, ^ 

[0 0 3 6] 

t5M5:Ra(o)i:t5i:, (F2-1) &«8fc-r;ii:#M* LV\„ 

R p (o) > R a (o) • • • (F 2 -1) 
Rp(o), R a (o)li-etl-?4l^T^$nS. 
R p (o) = Lp/tpo- op 
R a (o) = Lc/tco- ac 
£ d L p : m 1 0#*fl?g«(Z>«JP: 

t P o : mi mifrmMwmoMmj *ymm 
L^&TMmwmmvmm 

tao: mzmfomMntm<Dmmj*ymm 

t£oT, (F2-1) (F2-2) <b 

Lp/tpo- ap > La/ tao- a a • • • (F2 — 2) 
[0 0 3 7] 

££IC, ^lSfrt#«#<Z>#&M^fcft3ft©S O FClCiticL, iUSS^tC 
ffi±S&^S*Jl»f*fcAtCtt, ill @tt«8?fCM2 h»Mi4 fc<Z>#SMgtC»3 @# 
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mmM m e & m a 1- s ^ t. &c & z mmnm <d mm -r * y &m jc m -t z mi± i^t v> 
m\iftt>\ &&mm& zmx.z>z.£iz&z mmmmm^r^- i'j^$<*§j; 

E P (j) : A^«^m^j©i^©mi ®^«^KJi©*©#-^<z)«sramffi 
Ea(j) : M^mm^mj (DWk(Dm3m<kmMnmzmALr~m&<Dmmm 

e o : mnnm(Dmm±<Dmm^m& 

Ep(J), Ea(J)«, ^ (f-5) «fc*J, -etl-^tl 
Ep(J) =tpo-E0- J -Lp/tpo- ap • • • (F2-3) 
Ea( J) = t ao- E0- 

J-(Lp/tpo-ffp+La/tao-aa) • • • (F2-4) 
fcfcU, Ea(J) >E P (J) tte&iZit. 

t ao- EO- t po- EO > J • (Lp/ t po- ap+La/t ao- a a) 

— J • Lp/ t po- ap 

( t ao - 1 po) • E 0 > J • L a/ t ao- a a 

La < t ao- a a- ( t ao - t po) • E 0/ J • • • (F2 — 5) 
[0 0 3 8] 

3; (F2-5) iu, mA-rzmsmfomMmmG&mmt. mimi^mmM 

:fc&#JEs*TTJB^S*#tt, i£ (F2-5) tC 35 5 J J maxJ^T 

[0 0 3 9] 
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m-tz>z.t.tfT*gz>j)\ mmmzt&bi?. *a°-/#, cvd, &sv^iMi&& 

[0 0 4 0] 
(fl3©|y£?£jS) 

*!§0^©^3©^|g^ic^^ so FCH £^£@fr«fl¥SCi:tf>ra&c*- 

zm-i. mmmtmimi^mm^mt(Dmizm^m(Dm^ (mm) ib^^u 

«S&»ttfc«SiS:^f*. HP*., ^ 3 ©Hif I(c§t) S S O F C - 

m^as^a^n h>©*!*s^s<, mmj*ymmtf-m^m3mfomMnm* 

[0 0 4 1 ] 

EI 3 (a) (C, 3 ©UMIC^S S O F C l^t. |B|0iC^i-J: 

«MS4 £©r^c, m^ott^, ^i^Dh> (h + ) ©i6^8*vhs<, mm 

[0 0 4 2] 
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Sffiffltsit^Tfts. m 2 mtbmMMM 5tf 3 @#m8?MJS 6 £ & ill 

[0 0 4 3] 

S O F C (ZMttfriSSte, S O F C ©Mia^^i: L T * # SrfUMT £ * J: 

o ot;eATi:^sri:*«M* Uv^. £©fM&ifi&ic£v%T, 0 3 (b 

(h + ) <D®Mtf&2mfomMmz£v$\!ffl2n£££*jiz, ms 

0tt«#«Jg6©#£icj:y, *^-fect^ynh> (H + ) <D&mii t &iMZft& 

[0 0 4 4] 

& 2 ®#«j§?®ji 5 <z>mmis 3 H^m^M e (Drnmifim-rgz t > 

[0 0 4 5] 

[-0-0-4-6-] — m^—m-rmwmmwm'2-wm>~wmmmm^ra3mm^~ 

xyfcmiztt-t&j&ifcz r P (o), $2i{i:«iiti 5 &ik<D££&mm&t=. y © 
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